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im^m 3 ] m<7)fzihcowMm-i^ u ^ ymmxh^ 

1 1 --vx'm^ti^hit-^x'hmsm i tt:ii2im 
uti ] 

M.(OR). 01) 

m 



Mx(OR)„Y, ■ 
H(OR).L, 



av) 

(V) 



r//t fdii^V 3 yxh 0 . 2 JiLhcOM i: ^ itK 
i':!{i4T'J>0. 

m^m ( t y:!{4M^c«j )X'f)*). 

z{4, l-6coSliC-CS.-5T, a-z>O-?:-J)0. 
Y{4. mmMih'otzO:ffy)'X'$>*). tztiL7)Va 
^i^YXU^j:<. 

ui. \m'-^m(r>MPFi^Lxm\.zm^'r.^^'&m 
mt'yYXh^. ytt. m^Lx\.^h')i!yY(r>m: 

] 

sm. 4m. 5m. em. 7m. am. m. 10m. 
1 iiitL<{4i 2mizmtii)\ tfziiyi-^^m. riv , 

Sh-^A, S/'Jrjy, yiv^r-^A. ^y-J 

s./. '^7yttzii=^oj\^X'hizt.imLtt.hm 



y^'J::i-)Vttzm<rm^^X'hh:it^mitth 

{mm9^ ^jA'yYLi}\ 

1 ) ^it^m. 

2 ) i5«-^^rM-fbK«. 

3 ) g*#^K-fbK«, 

4) ^^^^^mtm. 

5) 'Jy-^*MbK^. 

6 ) tm^^mt^m. 

8) r;l^;k^*MbJ<» 

[fS^JSlO] L*^ 

1) rsyiL<{4^'JT5y. 

2) h'tfUi^'y. 

3) d^X'm^ilh'}:ifyY 
Ut2\ 



(VI) 



ii^^7)V^)V. 7)Vy-tV. 7^)~}V. 7)V^)V7 

U-/k 7^)-)V7)V^)V. 7)V-3^=y^ f-;t. 5/77 

JI^^tiRi t|ilttcOi«-r-J)-:>T5VHc|SltT'$)-5-Ci> 

4) x-T/WtL<{4;K'Jx-x;K ^^>:{4 
5 ) ^:tx-T;l't L < f-:tx-f /P. 

mim in §ni.KS!aiiEi^**. Tcsioia^ 

^cr)x\xcr>^i::>-h^cr><tW,<r>7)Va^lyY . 
— Y. Y^)-trYA—Y. ho,-Ko^— 

-Y. xxt^/k ^yymz^/uY^yy^i^. tif^ 

2a±.^-tiit-^mxhi:iti:mLttii!imit 
rzi±2imcolj&, 

msm 1 2 3 m^hmmmmifi^m7fia^ 
X Yxhhz t imbti>mi^ 1 1 mm(Dm, 
msm 1 3 ] mm^ixhtmmmm^v i 

^ixl.'ft-^ftT'J)!. t t •ri.ll*^ 1 * 7tt4 2 
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M'X, (VI) 

flfecDXtmfoiit:. fztliV^y^ ¥ ( F. C 1 . B 

[ IS«35 1 6 ] IS«gl!-fb!|%^licDff^^*5 1 ~ 2 0 
l^a, ff*L<m-10JIi^S. !»tC{41^5Mi^l 
T«)l.ifcS:!»ilti:-fl.i!l*«l 5im(D-m. 

imm 1 7 ] f^cD^^cr,mzm.mmm^<7)mmi}^i^ 
[ 0 0 0 1 ] *f6Hg(4, -mm^mmm ( a ld ) a 

0=&Si-.T'{>»^>^l.TV^I,JIi^lXf^=ifi^- (ALE) 

mii. ALCvD"«offi^j,^T7>f y^yb'llxxr- 

OASM M i c r o c he m i s t r y OyiOffi 

mmis^H^^mit-^mm^^tzALDmizx mim 

[0 0 0 2] tb'tlZtcr)^\/^-7^ ^X3J:U:^hx:i- 
hyy=JX^- (MOSFET) iiZiiUX. SiOzi: 

g[*^'iS<'5rl.<'^VHcSi02 S$ra<-f|.£>S*i*)^ 

^m%'m<r)miW^zmt^x.h'Z^ti^hh. ^com 



tmb(OmiZ. ^1/C (tot ) =1/C (in.su 
1 at o r ) + 1/C ( S i. Oi) {CLlft^^oT^Wft 

VM4S i 02l$r^<Jg^L=5:^\ -i^Uayisiffiii* 
I.. 

[0 0 04] v''Jn.yt*i^#;i;c7)|^ffl{CjiV^S i O2 

am^^m-^. mizm%mi<z^m:^y-m:mn 
s i Otm<^w-^ifi--w=f-ti>zM=f-Thh 

Si-Si 02^i^*T'J)^itAitofct«ftLV\ 

[000 5] i^^)^y±.^zmmm^:mm^^. y 
u 3 y^m{imtfhmp\m 0 . ff-rri. s 1 02I 

(r>m.f<z^h\,<7)X'hh^mtifihh. m.^titzm: 
m'^mi^mzs i 02 j: 0 h^^^^^wmm mt 

IfZrOj. HfOj, AI2O3) T'S)*^. BHWiJt 

n-mx'mm^tix\^h^mmm^zi:->x<7^?*-m^ 
mzmm^tihx'h^o. 

[0006] ALD (ALE, ALCVD){4. mHi 

*iiiti*ii4 0 5 843 (mt^h^jk^<mm^^i.zm^^ 
tmmx'hh, ti^^hmm\.zi5\^x\,i. t^T&Lmm. 

wtfz{mit^^fzwmmiu.m^^^zw^ r&txm 

s *^*> h WMncryj VVX<r)^\,Z-^-^'&^ XX'^Pim, 
^m^th^ltizX'yX'fihtlh {T. Suntol 
a, Thin Solid Films 215(19 
9 2 ) 84 ; N i i n i s t o et al., Ma 
terials Science and Engin 
eeringB41 ( 1996) 23) . IRfiSOjiL 

ma^MKmzi: -ox^m-h(r>x\ ^mt^^vm^ 
ix. f^i)^hm^t,zKm^A 9)v<r)mmx'm&^mi-fh 
cr>\mm^-:>mm:hh. ALomxtmuzmi. ± 
^ ^j:mi^<r)^'r:i>m^zht^->xwmm-x:h 
0. ^<m^\tmix^^h. 

[0007] ALD(ifcV^Ti!«XST'ffiffl$il-e>^ 

7k i^-^t3^y:^'JX.-)\^ mUf^ M Leske 1 
a and M.Ritala, Journal d 
e Physique I V9 ( 1 9 9 9 ) P r 8-8 
37:Niinisto et al.. Mater 
ials Science and Engineer 
ing 841 (1996) 23). gt-JRWtw^^ffl 
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[0008] mmm^msiimty^tmmw^^?*- 

M(OR), + a/2 HjO -» MO^ + a ROH, (I) 
[00 09].c:c:-C\ MJi^Jl^^t. RJiK^bK^. 

[00 10] Drozd^>{4-?-«Olfe3ttwfcV^T. i^U^ 
y^B^B^^'b^l.SaiSrS-fb:? o 5;K C r O2 C 1 2 ) t 

by^^;ur;i'S::^'>i^ (ai (ch3)3) ti^is^Ojg 

(Drozd et al., Applied Sur 
face Science. 82/83 (1994)5 

87) , Lt^Ltc-h^iy. m.m-w.<^^m:^^v^m 
5 0 or J: otsi^asTis^ttT'S) ^.m\.z5Q 
o'a:i±coTo-bxias(4Si L<^j:\^^wjm^^ 
mm^za^^x. z(m<r>ra-^xkiMm^wSi^Kx 

\^h(nt>^^x'hh. 

[ 0 0 in :^^mcr)m\±. mm:mzm-fhwm. 
^*i<-ttfcttc. A\.D\izi^hmmm<r>m:\izi5 
nmm^fz^^th-k<^L\^fmm^m:'f^^bX' 

[0012] ^Wm. ALDffilCfcV^t , ^W,\t-^^ 

b x<Rjm-ii)^.. mmwt^tmixiix.'0'm<r>isi 

I., .tOPifflt^ti:, *l6BS«:^ffi{4ll*ifllO!f$ffigi5:»- 

tciemsiiJt t i ^ t J: o^a-citt^fL-i. . 

[0013] *^H3lc i -yXt^tc^Xm^J^'^htLh . 

ig-ftcT) J: 0 i<z'^B<r>^mmmim&t:^thx 0 tcm 
mzi,mmth:iti}^xth. if^{4*ifeBfl{c*»*»i.^ 
m^-^%^<ri^B,\.zwm^LxLx\^hcr)X\ mm. 

m-imm-^ii^miiXUit-mtDmmcDmmzm 



Ltztfi-yx. mt\i^wmx->xAi.Di 
m\^xmt'mm ^ n y«ffl±tctfim-ri. c t *<-c' 
#1., mt^wMf-\bLxmmmtcn%'&^m±B, 
it-^. m\,z±m7)v^^i^Y\,i±m(^±mz-^\.^x 
'^htix\-^h. Ltiifi-^x. mtwm.^^<^^mm, 
^:i>mK\i^wmifMzj:->x'simx'hh. 
[0014] ifwm-m^zx-yx'mmmi.zm.m^ 
izt ^<x'^ h . mm:WLmmt. m. t wMm\.z 

Xlt/^. l^^^Jlhtz'om. 1~2A. ASWWi 

0. 5-1 . 4AX'hh. 

[0015] ^m^niomizx mmuzm<^^mii. m 
mmiizj: ^ximuzmmmzn&'^th h<^x'$> 
Ltzi}'->x.mimm'mcr>mnmii^«^'^^^^ 

x.v^ Vu=~9xmmz-i-^^j:{j<r)X'hi.. 
[0016] lUT. S:fflv^-C*^BJS: J; 0 

mm\,zmM^. mti. ti (och (chj) 2)4 

I12{4. Ti (OCH (CH3)2)4 f^)Vxm^<;ymi 
i:tTZr/(Zr + Ti) mMUllf^mmMm 
mi-zii-oXW^^tih) SrS^-f. 

[0017] :^wmimzX'>x, m^tcmm±.i,zm 
mmmm.-fh^tm^x'hi>. mm. ify 

mi/mm mufii')^A'^ (GaAs)t3j:i^xU3 

Ltzifi-yX. ^■^^^RmtUMWiZi.ix 

hfzMz^m^Kh. 

[0018] KLDm(r>WM.{zLtzt^nX . i^HO^tii 

\i. ^x-!{ktfz\mit^ixfzwM'kKmmz-^mzm 
jm^<>vxmzT-^'&.:^xxwjmi^-f<^bfiz 

[0019] *i*Bfl«o-®«tfcv^T. K^l:a?S!S(4. 

miWz^m'^iih t ^ \,z. %.-{\L^h.fzmw^2<r) 

mcr>ttWiM^ii-h^-:>Wiymzi5\.^xmWMm'^ 

tfz\m(n±^mMf<zmfhMmmm'^^z'\^^ 

<ti:hi:ot.Z't<^X'hh. Uzti^-yX. ^m7)U^^ 
i^KtHtTJi. :^mii. *«J2 0 0~6 0 0'CT\ If 
*t<{i:*^2 5 0~5 0 0-Ct\ ffi?fLl.tV^a^:tS: 

[0020] ALD^tCi3l,^Tiiffl$ill>lS^tCOV^T 
{4, ^tl(>ifi%'{t^tlhZti}^X'^ , Z<7)-Jjm<7)tzMz 

mmixfzmmmt^^izmti. tv^act**^ 
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mitm^i,zhmmsmL. "mmwM" tit. 
I , mmwmiim t < am 2 <^sMb 0 s ^ m 

[0022] "^m^^w tii. ^m(7)it-^m}iX 

[0023] *S-&tcRlt ^ H 0 . "-t-Y * fdi 
St I I 

. M,(OR)a 

1 1 

M,(0R)3.,Y, 

M,(OR)aL, 

M,(OR)a-iY,L, 
[0 0 26]±E^I I~Vtt>l>T. M{i, 7C*ii»! 

mmtmLX'ho. 1.2, 3tfzii4Thi. r 

0, ZCO^iZti\^Xa.-z>OX'h?>. Y{4. 

^!4V > < oM: J: T M C^-^ LT V , ^ tr y {4. 
[0 0 2 7] I~VJ41SB&^5e-C'J>l.. 

0^«^<^IUPAClia?]K^^(cJ;|,;^l, 2. 3, 
4, 5. 6, 7. 8, 9. 1 0. 1 lt/d412t3E-f 

M.. U'^A, ;l/hV'>A, -fe^'^A, yyyi^^J^. 
KOV'^J^. ::?.hDyf-'> 
A, J^O^J>>. y'J^A^ X:^yiy^A. ^ yVV^ ■ 

D;<f-»>A, ■tfvy'^A, 3-Ot''>A, ;^KU-'> 



^tWff)Khf)iz. d:mM(7)m<^miz«simmzx 
'^xmmmi:Rmi)^i^±m *) tatz t ^-ct h , 
[0024] ^kmwMii. mm-hmm<7^m%mt-^ 

[ 0 0 2 5 ] * t < (4. <iffl$ni.^lIi^4TISiC 

(I I) 
(1 1 1) 

(IV) 
(V) 

A, T;Pt''>A; i^'xrni^'^A, rf^/I^Sn^A, x;l^b' 
r^A, ^'J-^A. •yr^^f'^A,. 'VIC^A. ykr^-^ 
A, T^'^-'^A, hU'^A. 7°OhT?^-'>A. 
^^i-^^A, ;t^rf--'>A. 7VH-:::':7A, T;'< 'jv"> 
A. ^iU'^A. yN*-:?U'>A; ;)&/l^*r:i>A. T'f y 

y^ry, ^yyx'fv. ^y^y. x^J'^^'^a, w 

m. m. ^, » ^.H S '^Ai/^{47|<iB-C'$)l, , 
[0028] HRU4. i-^y. yy^ 
)\y--fyK. -if-f. T;P5:::'!7A, vDny, v 
^■'^■.i^'>A, i])Vxy^h.. xhoyf-'^A, yN'U'^A, 
IS, b'xvx*^d4>f -yh'J'> A, ^tz\i^fLi^<rM■^ 

[00 2 9] »tt<{4, ^y^y. 'J/ia-^M,. ^y 

y, *^ct4-e^i'c><0^'^«0i!^!||S:«^§1i:S, -o" 
C0^t;-^!|?j{4, |S|t^«c7)V^<0!^)><5DM^^^t{4V^ 

^Wfhh, »tL<{4, — o*/c«4i:oo^«M^*« 
[003 0] r{4, mi^^iix^^itfcimmtixx^ 
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[00 3 1 ] is^wmnt \^\wmzxi\.\t. 

tLT. :?y^;P'<y:5'Xh^i/F (Ta(OC 
2H5) 5) . ^^yTh5^yTn;K^i/H (Ti (O 
CH (CH3) 2) 4) > T;Ui-';7AhUxhdfi/F 

(Ai (oCzHg) 3) tjJ:t/T;U5-'>AFy->f y 

ro;Kdf-i^H (A 1 (OCH(CH3)2) 3 ) *s*(f 4> 
[00 3 2]^! ItjitfVtctS'ft.^WcT)!;;?^^^ 

;k 7"ntVl/*/c{4-^yrohVU. ^/UyjlytuTJU^ 

mmmmt 

[0033] mzm LV^Yti. 7 -y-fbiri!!. a-fbit^, Jg 

, x^;l/, 2, 2. 6, 6-rh7;<^;P- 

3, 5-A.r^yv':t^^-h. 1, 1. 1, 5, 5, 5 
-'v.^-t7;P;tn-2, 4-'^y^'yi^'3j-^^-b. 1, 

1, 1, 2. 2. 3, 3-'sr^'7;P:ta-7. 7-i^ 
X^;^-4, e-:^^^y'Jit:^^-h. 4. 4' - (X 

2-^ vVM 5 b') t';^ c^yh-s-xy 

2, 4-'^y:J'v'3r:f^-F^;t{41 , 1, l-hU7;W 

4-^y^yi^'^^—hTh^<. 
ioo34i^ivt5Xt/vi,zxut-^m'pmA'yv 
Lti. ( i ) mit^m. ( i i ) 

( i i i ) Mlg-ft^^-fbK^. ( i V ) >f^'^?-^*^'fl: 
( V ) <j y-^*^^bi<«, ( V i ) h^^W^^k 
T^m. (v i i ) ■fe^y-&W^'fbk«t>J:t/f/i/,:{4 
( V i i i ) r/l-yl^W^^b^fg*^'*? * U\ 
[0.03 5]fit)^f^tV^L^4. (a) TSyi^trttHf 

u r 5 y . ( b ) h't u v'y , ( c ) r^T-^^til. 
[^bs] 

b M(OR). + a M'Xb MbM',0, 



(^+. GJ4-0-. -S-, ttzii-NR^-. ZZ 

tt<{4^ftM£0T;u^;i^. t;p^-;i^. r';-;k r 

(d) x-t;I/, ;|fjx-T;l^. ^:tx— f/l/tfc(44f 

yf-;tx-r;l-t'J>l.« 

[0036] ALDTn-fey^4'-C'{4^]S-KS^^«4ic 

;P^-{4 1 0 4 k c a 1 /m o 1 -C'fc^ . 
[0037] iS^t;!f5!ifiM{cffiffl-ri,^JRSf4{4. tc^ct) 

[^1:6] 

M-Xfc (VII) 
[0038] ^VI 14', M' {4, m^c^XolZ. 7iM 

mmm^cT)^ ^-r ii^^o^i s 7t {47^ t ^^{4 u 3 

yT'*)0. b(4M' coJS^ttT'J) 0 , X{4fll;:^€L/t 
'J;{?yh\ fctx.{4VNn^y-fi:!|t (f, c i . Br, 

I ) . ^mim. T;p^)i^r5HNR2. rji^^i^ 

t/t{4y9-v^h^^-h-Ci>l.. X{4fflSlC|n|-t> 
L<{4M^'?TV^TtJ:V\ 

[ 0 0 3 9 ] »^ L^^'it-^commii^mtzX'^x^it 

thif. -m^zii^^'oyyim. ^^z'^\mvht 

[0040] ifWn<OW, 1 Umm{Z^iX\i, A 

b IX , mm^^m^m^t-^ m <0R)2)m 

Ut7] 



+ (a+b)RX (VIU) 



^MMtM' (4, ffi5t|SI-*/c(4M^-5-ri^Tt iv^ 
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[0041] *^B^<oii 1 ff)mMi>zxtni. i5i-^E3&« niT i 02 nTsiffi^mmKJ'^iii- LxmM:-ti> . 

(O-O)jTi(ORX + TiCl, ^ CD-0-)jTi(-0-)2TiClj + 2 RCl (IX) 



(0-O)ji(.0-)2TiClj + Ti(0R)4 (O-0-)2Ti(-O-)2Ti(-O-),Ti(OR)j +2 RCl 
(X) 



CiCir. D-tt^Biii5j:tX (D-0-) 2Ti (-0 
-) 2Ti (-0-) 2Ti (OR) 2 =(D-0)2T 

i (OR) 2 5r^t. t^j:hib. mmmmizmix 

i.(-o-) 2Ti (-0-) 2 <?)*fcJ:oTtiJirr 



[0042] *^BB<7)^2<?)»i LV\®«{C itltf. P 

mmm^X'^^. fztm. i^xiaxifxi nz^ 
[^1:9] 



(£)-0-),Ti(0R)2 + ZiCI, (D-0-),Ti(-0.),Zra2 + 2 RQ 



(XI) 



({)-0-),Ti(-0-)jZrCl5 + Ti(0R)4 ^ (D-0-) JiC-OO^ZrC-OOjTiCOR), + 2 RCl 

(xn) 



[0043] if.w^(^w.3<^mt um.mzxix\i. ± 

M(OR), + M(OR')a ■> 2 MO,^ + a ROR' 



[^bio] 



(XIII) 



ZHX'. R' {4±i55tl I~V4'iORi:|5|-T'J>S, R 

bR' immzm--x'ijm^j:^x\^xhx^\ 

[0044] J: S 1 -^(Timmm^. 2oco^JS 

±mimmzm-x%m^j:'ox\-^x t j: v\ 
[ 0 0 4 5 ] *f6Hgo:trat3J:l.^4o»Si tv« 

WTCO. if^ L<{41 OOTcO. tXtii^l- 
SSi^iico^S-aSlriia^li-l.^tt-J)!.. mf^mm 

itz7 ^ /1-M.xmhtLx^^i^^. m<:oifm. tztm 
mmtLxyiihi<imm\:;^m^mix. mm 
nmth. mff^umizx-jx^^ttiy ^ ii'j^ii. -e 
mmttzimmzx-yx. um&mmmtm-xh 

[0046] :^mm5mt u^m^zxtus. m 
<r)^mi>z^tmmim£tifzi^. mmizii.=^o 
:lyx'hmmmi!mt^. i^o^ymmmpm 
m'^x'x-/^yyi. ^^fy^myiix-m^i. mm^fm 



mifztt. mmmim^-±iJ:diz. uhv 
^n-TX'i^ V 3 ymmm^. i . -eot^. ^mz § (,-t 
zt^j:<. ^^mcoiomizx-oxmrnmim^^h 
ALER^5st> ^ismizmimt. a.T(ommm 
{4. ^mix mmizmmtt i>(OTht . 

[0047] SlSfefl^ll 

TazOsMSr^P-MF- 1 2 0ALERm§|(ASM Mic 
rochemistry Oyi?)|*It'2 7 5RX/3 2 5X:i,ZX^^^ 

^fz. m\'-^(>h.tzMmii^y-^)\^'^yi^^\:i'Jv (Ta 
ci^) m'^yiS'ji^yi^x.h^i^v (Ta (0C2H 

5)5) t'S>of^. TaC Uti-eixSrQO'ac, -eLT 
Ta (OC2H5 ) ili^tli: 1 0 

ttj: -^xKmnimzxmt^^tz. 

[ 0 0 4 8 ] T a2 O5li<7)^:R{43eS<0T a C 1 ^RX/ 
Ta (OCzHg) 5W'?;p;^lcJ;"9ALEro-fe;:?.coig 
aicfi!-5Tllfi=$ti.^v:. v'?;w;^cOiiffiggB$S{40. 3 s 

(TaC I5) Sl/0. 7s (Ta (OC2H5) 5) X'h 

ntz. -etr, ^<a?fii*^{i'eix-?-'no. 2s&tA 
1 . osX'h-ytz, vmm.\i2 1 sms 2 5'cx'h 

-yfz, 

[0049] MJiO. 1 3A/^f^:5';K275°C) a 
UO . 5 A/-^-f 7;K 3 2 5'C ) <Dm.X'fSL^Ltz. 
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xRDmmzitni^fi(>m^x'f>'yt:. tof- 

ERDA {mm^wmm.mmmmm{nm^i-Fu 

ght Elastic Recoil and Detection Analsis) ) RX/E 
DX (XJr>;l.:3f-^it^Xi||^^(Energy dispersi 
ve x-ray spectroscopy) > ff)mmzXtHi. 2 7 5X:V 
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[0051] Ti,ZryO,licOi«a(i^i:iOZrC I4 
ay'T i (OCH (CH3) 2) iCOvWPXlCcfcOALE 

ru-t:x.(r>!mizm^xm7^titi, z r c 1 4<o^« 

*(i0. 2stT-£fcMSf$fL. Ti (OCH (CH 
3)2) i^VlXco^^itO . 2T&2: OscoliHrtT' 
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Ti (OCH (CH3) ^n)VXX\t. ^ftSLg 
(1. 2A/-f^i?;l') (Zr/ (Zr+Ti ) 

0.45) M:^*5-ST'J)^7t. :^T«OMiOJSSS@!|^ 
{il®i^%^TIII-5fc. -?-c07'o-fe^tCT^B!t§n7t:)t 
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#^>n/c^ftafJgE{4 1 . 2A/-9->f.:?;l.-C*)o^, 

[00 55] Il)lfe^j5 
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H3 ) 2 ) if-^)vx^'^<nmLt Lxm. 
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(EDx&i;j:-5-cay^§iii.) $ra-r. 
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